Horizontal gene transfer (HGT) is pervasive in viruses, and thought to be a key mechanism in 22 their evolution. On the other hand, strong selective constraints against increasing genome size 23 are an impediment for HGT, rapidly purging horizontally transferred sequences and thereby 24 potentially hindering evolutionary innovation. Here we explore experimentally the evolutionary 25 fate of viruses with simulated HGT events, using the plant RNA virus Tobacco etch virus (TEV), 26 by separately introducing two functional, exogenous sequences to its genome. One of the events 27 simulates the acquisition of a new function though HGT of a conserved AlkB domain, 28 responsible for the repair of alkylation or methylation damage in many organisms. The other 29 event simulates the acquisition of a sequence that duplicates an existing function, through HGT 30 of the 2b RNA silencing suppressor from Cucumber mosaic virus (CMV). We then evolved 31 these two viruses, tracked the maintenance of the horizontally transferred sequences over time, 32 and for the final virus populations, sequenced their genome and measured viral fitness. We found 33 that the AlkB domain was rapidly purged from the TEV genome, restoring fitness to wild-type 34 levels. Conversely, the 2b gene was stably maintained and did not have a major impact on viral 35 fitness. Moreover, we found that 2b is functional in TEV, as it provides a replicative advantage 36 when the RNA silencing suppression domain of HC-Pro is mutated. These observations suggest 37 a potentially interesting role for HGT of short functional sequences in ameliorating evolutionary 38 constraints on viruses, through the duplication of functions. 39 40
Experimental evolution 170 For the serial passage evolution experiments, 500 mg homogenized stock tissue was ground into 171 fine powder using liquid nitrogen and a mortar, and resuspended in 500 μl phosphate buffer (50 172 mM KH 2 PO 4 , pH 7.0, 3% polyethylene glycol 6000). From this mixture, 20 μl were then 173 mechanically inoculated on the third true leaf of 4-week old N. tabacum plants. At TEV-eGFP has proven to be stable up to six weeks (using 1-and 3-week serial passages) in N. To simulate HGT between two virus species, we have introduced the 2b VSR from CMV into the 328 TEV genome ( Figure 1A ), between the NIb replicase gene and the CP ( Figure 1B ). 350 We found that the ancestral TEV and TEV-2b have a very similar within-host competitive fitness Material online. 394 The shift of TEV-2b to a similar ratio of synonymous versus nonsynonymous SNPs as the 395 wild-type might indicate that 2b is successfully being accommodated in the viral genome. 396 However, an alternative explanation is that the fitness cost of 2b, which is small in size, is so low 397 that there is little selection for viruses with genomic deletions, and the insert would only be 398 eventually removed by genetic drift. As shown previously, the stability of gene insertions in the 399 TEV genome depends, among other factors, on the position of the insertion (Willemsen, et al. 400 2016b). However, the introduction of two non-functional genes, the colored markers Ros1 and 401 eGFP, at the same genomic position, did lead to instability and the deletion of these markers over 402 evolutionary time (Majer et al. 2013) . 403 Neither the genome sequences of the evolved populations, nor the fitness and virulence 404 assays, provide evidence that 2b is actually adaptively accommodated into TEV or performing a 405 function. To directly test whether 2b is functional and functionally duplicates the silencing suppression activity of HC-Pro when inserted in the TEV genome, we generated mutant mutation was also found to be fixed within the ancestral population. For more details on the 522 SNPs within every lineage with a frequency > 1%, see supplementary Table S3 , Supplementary   523 Material online. 524 The reduction of NtAlkB expression in the host plant when infected with TEV, suggests that 525 TEV might have a mechanism to suppress the expression of this gene in the host plant. AlkB 526 activity could be beneficial for the host plant as a mechanism of immunity against pathogens like 527 TEV, as it is involved in methylation. 
